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Preface

This computer program and user's guide were prepared under RDT&E
Work Unit AT40/E0/004, "Foundations on Swelling Soils," sponsored by the
Office, Chief of Engineers, U. S. Army. The investigation on which this
report is based was conducted during FY 81.

This user's guide was prepared by Dr. L. D. Johnson, Research
Group (RG), Soil Mechanics Division (SMD), Geotechnical Laboratory (GL),
U. S. Ammy Engineer Waterways Experiment Station (WES) under the general
supervision of Mr. C. L. McAnear, Chief, SMD, and Dr. W. F. Marcuson III,
Chief, GL. Dr. P. F. Hadala, Assistant Chief, GL, Dr. E. B. Perry, RG,
SMD, and Mr. G. B. Mitchell, Chief, EG, SMD, reviewed the report. .

The Commander and Director of WES during preparation of this report
was COL Tilford C. Creel, CE. The Technical Director was Mr. Fred R.
Brown.
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Conversion Factors, U. S. Customary to Metric (SI)

Units of Measurement

U. S. customary units of measurement used in this report can be con-
verted to metric (SI) units as follows:

Multiply By To Obtain
feet 0.3048 metres
pounds (force) per 47.88026 pascals
square foot
square feet 0.09290304 square metres
tons (force) 8896.444 newtons °
tons (force) per 95.76052 kilopascals
square foot
tons (mass) per 320.3692 kilograms per
cubic foot cubic metre




USER'S GUIDE FOR COMPUTER PROGRAM HEAVE

Purpose and Scope

1. The purpose of this user's guide is to document the computer

program HEAVE, which was developed to assist the design engineer in de-
termining optimum foundations in expansive soils. This program may be
used to estimate vertical foundation movements for the methodology de-
scribed in TM 5-818-7 (Headquaters, Department of the Army 1982). The s
program HEAVE approximates potential vertical movements beneath the cen- ;%;i

ter or corner of rectangular slab foundations, beneath the central axis PR
or edge of long (or strip) continuous footings, and beneath the center B

of circular deep shaft foundations. Vertical movement may also be com-

puted for soils beneath these foundations constructed in excavations and
for soils adjacent to the foundation not confined by structural loads.
Foundation movement estimated by HEAVE has been checked by comparison
with field test sections (Johnson 1981) and practical application to ex-
isting structures.

2. Structural loads are assumed to be transferred to the support-
ing soils, and the soil-bearing capacity is assumed not to be exceeded
beneath the foundations. Computation of potential heave beneath the
circular deep shaft foundation also considers the restraining force of
underreams and the uplift force of swelling adjacent soil. Laboratory
test data from consolidation swell or soil suction tests are used in the

program HEAVE,

Methodology of Computations

Foundation movement
3. The potential total vertical heave at the bottom of the founda-

tion as shown in Figure 1 is determined by
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’ [F T S TFOUNDATION SCAB ™. NBx =3 [Zrioim - FOUNDATION SLAB I 77y ™ 2] -‘
E ‘\\ 1 \ 1 = {}
b U WET s ! px N R-u, wer  |& Y
{ v ¥ \ ]| prOFILE | &
PROFILE N \ Vi
&4 ~ Uw, DRY \ <
i uw., DRY LY PROF’LE'A la- METHOD 1:| x
¥ PROFILE \ uw =0 v
NODAL POINT 15 o
% METHOD 2: WETHOD 3-ut_;;L
Uw = ywiX - Xg) NEL = 21 U.w=Uwa*7 (X-Xa)
0 * NODAL 0 +
b PORE WATER PRESSURE POINT 22 PORE WATER PRESSURE
%
L a. Shallow Groundwater Level b. Deep Groundwater Level
- Figure 1. Schematic for computation of vertical movement by LR
A program HEAVE ‘1';
) AH =N - DX z DELTA(i) = N * DX z 17 eo(i) (1) .o
i=NBX i=NBX i Aa
" where .
ﬂ AH = potential vertical heave at the bottom of the founda- ? ]
X tion, ft¥ v
;. N = fraction of volumetric swell that occurs as heave in
L the vertical direction
% DX = increment of depth, ft
3 NEL = total number of elements
i NBX = number of nodal point at bottom of the foundation L
) DELTA(i) = potential volumetric swell of soil element i , fractiom 2 B
:{ ef(i) = final void ratio of element i
'f eo(i) = initial void ratio of element i
i The AH is the potential vertical heave beneath a flexible, umrrestrained
; foundation. The bottom nodal point NNP = NEL + 1 is often set at the =T
depth of the active zone. The program HEAVE assumes that N =1 . The ;:?{
fraction N should be 1 for one-dimensional consolidometer swell test fjﬁfg
results. The soil suction test results tend to provide an upper bound L

3
3 * A table of factors for converting U. S. customary units of measure-
: ments to metric (SI) units is presented on page 3. o
.. ..'_';.
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estimate of the maximum in situ heave for intact soil (N = 1) in part
because the soil suction tests are performed without the horizontal re-
straint on soil swell that exists in the field and during consolidometer
tests. Dividing the heave by 3 (N = 1/3) will tend toward a lower
bound estimate for fissured soil (Richards 1967). Differential heave
may be estimated by comparing the computed heaves for different soil
strata, vertical loads, and equilibrium moisture profiles.

4. The program HEAVE computes the difference in void ratio Ae

(i.e., e, - eo) from consolidometer swell test results of each soil

f
layer by

Ae = g log = (2)

swell index

(2]
]

Q
i

= swell pressure, tsf

o; vertical effective pressure, tsf
The compression index . is substituted for Cg if 0; exceeds o, -
5. The program HEAVE computes Ae from soil suction test results

of each soil layer by

Ae = C_ log =32 3)

©
]

aGSIIOOB, suction index
compressibility factor

(3}
-]
inn

specific gravity

slope soil suction parameter

t:o initial matrix suction without surcharge pressure, tsf

o
tnf

final matrix suction without surcharge pressure, tsf

The compressibility factor a is the ratio of the change in volume for
a corresponding change in water content and can be found by the pro-
cedure in TM 5-818-7. The B parameter is the slope of the matrix soil
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suction-water content relationship expressed as

log t; = A - Bw (4)

where
A

w

ordinate intercept soil suction parameter, tsf

water content, percent dry weight

6. The matrix suction t; is assumed to be related to the pore

water pressure by

= -u +ao (5)
where
u_ = pore water pressure,-tsf
Oy = total mean normal confining pressure, tsf
The total mean normal confining pressure L is given by
+
% = (LTZ&) % ©
where
KT = ratio of total horizontal to vertical stress in situ :
o, = total vertical pressure, tsf ‘;;
Equilibrium pore water pressure S
7. The accuracy of the estimates of the potential vertical heave '
in simulating the maximum in situ heave depends heavily on the ability .
to properly estim;lte the equilibrium pore water pressure profile. Fig- - .
ure 1 indicates examples of extremes that can occur in the seasonal "

moisture profile. Seasonal heave between extreme wet and dry moisture

profiles can be estimated by taking the difference between heaves com- '
puted for both extreme wet and dry profiles (Figure 1a), or the sum of .
the settlement for the wet profile and heave of the dry profile (Fig-
ure 1b). The program HEAVE considers the three following profiles il-

lustrated in Figure 1.
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8. Saturated profile. The saturated profile, Method 1, assumes
that the in situ pore water pressure is zero within the active zone Xa

of moisture change and heave

=
[}
(=]

(7

9. Hydrostatic I. The hydrostatic I profile, Method 2, assumes

that the pore water pressure at depth X becomes more negative with in-
creasing vertical distance above the groundwater level in proportion to

the unit weight of water
u, = yw(X - Xa) (8)

where Y, is the unit weight of water (0.0312 tcf).
10. Hydrostatic II. The hydrostatic II profile, Method 3, is
similar to the hydrostatic I profile except that a shallow water table

does not exist. The negative pore water pressure of this profile also
becomes more negative with increasing vertical distance above the bottom
of the active zone Xa in proportion to the unit weight of water

u =u

w = Uga T Y, - X)) (9)

where L is the negative pore water pressure in tons per square foot
at depth Xa in feet.
Depth of the active zone

11. The depth of the active zone Xa is defined as the least
soil depth above which changes in water content and heave occur because
of climate and environmental changes after construction of the founda-
tion. The depth Xa may be estimated by procedures described in
™ 5-818-7.

cases of active depths shown in Table 1.

Predictions of shaft movement can be made for the three
The three cases are differen-
tiated in program HEAVE by denoting the depths Xa and Xf where Xf

is the depth of inactive or nonswelling soil overlying the swelling soil.

'Y e e e ‘e e . 9 @ e v o e




Effect of uplift forces

12. The program HEAVE ignores uplift thrust of swelling soils
adjacent to slab or long continuous foo:zngs. The uplift thrust of ad-
jacent swelling soils on deep foundations (Figure 2) is determined for
the assumption that interaction of stresses between skin friction and

end bearing is negligible and is expressed as

L

. n
= =
3 Qu = IIDS f fs dL (10)
. 0
3

-+ vhere
b. Qu = maximum uplift thrust on perimeter of shaft, tons
. Ds = diameter of shaft, ft
Ef Ln = thickness of the swelling layer moving up relative to the
;5 shaft, ft
t‘ f, = skin resistance, tsf
f dL = differential increment of shaft length L , ft

The point n in Figure 2 is the neutral point. The value of Ln should
be approximately equal to the depth Xa . The maximum tension force T

in the shaft is estimated from

T=qQ -Q (11)

l! where Qw is the loading force from the structure and includes the
weight of the shaft.
13. The skin friction fs is evaluated by

- = '
. fs c, * KOV tan ¢a (12)
8 where
q c, = adhesion, tsf
:- K = ratio of horizontal to vertical effective stress
b o, = vertical effective stress, tsf
3 ¢ = angle of friction between the soil and shaft, deg
& a
¥
- 9
b
3
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Figure 2. Distribution of load from uplift of swelling soil

If drained strength data are available, €, is often set equal to zero
and ¢a set equal to the effective angle of internal friction ¢' of
remolded soil or the strength at large strain. The skin friction based

on undrained strength data is given by

f = asc, (13)

Q
|

£ = reduction coefficient

c, = undisturbed undrained shear strength, tsf -;¥i5
FSEMEE
14. The program HEAVE computes the minimum percent steel As re- IR
RO
quired if ASTM A 615 (1976) Grade 60 steel is used by the equation ]
R
Percent A = -0.03 L (14) RS
s D2 ST
s o
A i"_";".:.f;
. '. 1
10
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where

-3
1]

negative tension force, tons
shaft diameter, ft

15. The bearing capacity of the soil above the underream is cal-

(=]
(]

culated in program HEAVE by the equation

q = ch + o;Nq (15)

: where
_: q, = bearing capacity above the underream, tsf
% ¢ = cohesion, tsf
i o; = effective vertical overburden pressure, tsf {: :
% Nc’Nq = bearing capacity factors '?_:_
| If undrained strength data are used, then Nc‘= 7 and Nq =0 . The ;f;;;

cohesion ¢ is the undrained shear strength Cu * If drained strength

OTL B -teis

data are used, then the bearing capacity factors are calculated by pro-
gram HEAVE by the following equations (Vesic 1977):

N r_.-

N_ = cot ¢'(Nq - 1) (16)

Nq = (1 + tan 0')etan ¢’ tan2 (45 + %L) (17)

where ¢' is the effective angle of shearing resistance. The cohesion

¢ is the effective cohesion in Equation 15. Equation 17 is indicative

Ma) . AACNCRLIURNG

of failure by the Terzaghi local shear mechanism and tends to represent

a lower limit of the bearing capacity factor N

o

16. The soil suction model described in TM 5-818-7 may also com-

2 pute the effect of uplift as well as the consolidometer swell model if
i the swell pressure is input for each soil layer. If the swell pressure
3 is not input, the program assumes that the swell pressure is given by
% the initial soil matrix suction, an assumption that can greatly exceed

the swell pressure. Computed shaft uplift movements will be an upper

limit because the shaft stiffness is assumed equal to the soil
stiffness.
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Bearing capacity

17. The program HEAVE computes the bearing capacity of the founda-
tion soil assuming that Equations 15-17 are applicable. If undrained

strength data are used, Nc =9 . The message

BEARING CAPACITY OF TSF EXCEEDED FOR ELEMENT

is printed if loading pressures exceed the computed bearing capacity of

the given element.

Computer P-ogram

18. The program consists of a main routine and five subroutines.
The main routine feeds in the input data, calculates effective over-
burden pressure, determines the restraining force Qr for a deep shaft
foundation, and computes the foundation force beneath the shaft and ten-
sion force from uplift of adjacent swelling soils. The subroutine MECH
applies the mechanical model for prediction of potential heave using the
results of consolidometer swell tests. The subroutines SUCT and HSUCT
apply the soil suction model. The subroutine PSAD sets up the proper
depths in the soil profile for calculation of heave. The subroutine SLAB
sets up the bearing pressure for slab and long continuous footings. The
program is set to consider up to 10 different soils and a maximum of
80 soil elements. The capacity of the program may be increased by ad-
justing the PARAMETER statements.
Input data

19. The program was prepared for time-sharing on the Honeywell
series G600 computer. The input data are entered in free field format
as illustrated in Table 2. Descriptions of the input data are given in
Table 3.
Output data

20. The output data are illustrated in Table 4. Descriptions of
the output data are given in Table 5.

12
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Example Applications

21. Three example problems are provided. All use the soil proper-
ties given in Table 6.

Slab in excavation

22. Table 7 illustrates the input data for a slab in an excava-
tion 12 ft deep (Figure 3). The groundwater DGWT is 22 ft below ground
surface or 10 ft below the slab. The mechanical model was used for a
100- by 100-ft slab. The output data are provided in Table 7 for a
loading pressure of 0.072 tsf assuming a saturated final pore pressure
profile at the center. Heave beneath the slab is 0.25 ft. Heave ad-
jacent to the slab in soil above 12 ft of depth is 0.18 ft.

Long continuous footing

23. Table 8 illustrates the input data for an infinitely long
continuous footing 100 ft wide on the ground surface (Figure 4) using
the mechanical model. The groundwater level is 8 ft below the footing.
The output data are provided in Table 8 for a loading pressure of
0.072 tsf assuming a saturated final pore pressure profile. The heave
beneath this footing is 0.14 ft.

Circular shaft '
24. Table 9 illustrates the input data for a circular shaft 30 ft

deep and 2 ft in diameter with a 3-ft-diam underream (Figure 5) using

the soil suction model with drained strength data. The active zone ex-
tends from the ground surface to 10 ft below the base of the shaft. A
10-ton loading force Qw is placed on the shaft. The output data are
provided in Table 9 assuming a saturated profile for the full 40 ft of
active depth, Xa . The shaft heave of 1.16 ft is the maximum that a
cracked shaft could rise excluding subsoil movement, while one-third of
this heave or 0.4 ft is more likely in a fissured soil. The actual
shaft heave will be less if no fracture results in the shaft. The maxi-
mum soil heave adjacent to the shaft is 1.3 ft. A gap could open be-
neath the bottom of the shaft. The maximum tension force of -166.5 tons
will require 1.3 percent steel in the 2-ft-diam shaft.
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over vhich 0, 1is active s} o, Q
i .
exceeds the restraining L W R ] A, if o, > A >0,
force Q, . The shaft L ‘f'

steps lifting vhen Q“

° Q
s 14
4 8 sXec log— if 0 >0 > —
<Q or the skim fric- . shaft ~ Ta's T o, s A
tiea l. tises A.“ o,
is less than Q' "‘—Db—'l 3. ‘nll * l.c. log 5:

¢ ‘oet - xn"’l

1 aea v h,G-ne, v g § o)

- 2 Same as Case 1 except that Q Same as Case )
seil from the ground sur-
face to depth l‘ does

_ not swell sad does not
ceatribute to uwplift.
) Case 2 converged to Case 1

' vhea l' =0 .
~
:;
g ) The sheft is lifted & dis- 1. a €0if (o - ODA.. <Q
b~ taace squal to the verticsl shaft s viaet  r
3 swelling of the soil be- -
3 sseth the shaft os wettiag 2. b SO U LA CQ
asconds to the base of the o o
- ohaft. The sheft fs . % . A
X Lifeed further as soil 3 Buype * (X, - L)c, log 5 ¢ (L - Xge, los g

- wettiag ssceads above the
bose vhes wplift force A
0. exncesds the restraia-

if o >_°!_>°,
s A.“ v

iag ferce 0' . The sheft o, , Qr
steps lifting vien Q, b Bopgre = 4%, - K)o, loa gr if 0, >0, > -
4
€Q or LA o,
- S. l“u = (!. - l')C. log 5:—

6 A Q-0

aeq e aled

SRR AP A AN (I CAEAC NN

* Nototien: ‘m = srea ever vhich swell pressure o. ie sctive, n’
¢, = swell index or suction index C_ , Bquations 2and 3
LR of wnd ¢ dase, ft
.. = dismeter of shaft, ft
!. = ghin friction found by Equstions 12 and 13, tof
L = length of shaft, ft
o bearing capacity of soil sbeve wnderresm, tof
°r = force restraising wplift force of swelling seil, tome
Q, = wiife force (o, - o)A, o tens L]
Q, = structers] losd on shaft iscluding shaft weight, tems -
‘.-_ X, = dopth or thichaess of sctive seme, ft
: l' o depth of asnsweiling seil frem ground surfece, ¢ .
A.““ = sovement of shaft, ft .
o ® of soil surrevading sheft, ft L J
o_ = seil swell pressure, tof
'E = gffective sverburden pressure, tof . 1
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Table 2
Input Data Format

Step

L R A St e ol S
- S A A A | ) .
. PR PR ]

Data

.

aths - it
S A
S Lttt
S PR L S

4A

n -'a"l L
T [ .. !
. S teat @V

<

4B

T

\ m.,.

.- ’
XY R

N
-

ECoN

[ 7A

7B

2 P SRS

The program will print:
TITLE?
= . Input description of the problem

The program will print after carriage return:
NPROB,NSUCT ,NBPRES ,NNP ,NBX ,NMAT ,DX
=, Input the above variables (see Table 3 for definitions)

The program will print after carriage return:
M,G,WC,EO0,C,PHI K
= . Input the above variables

If NSUCT = 0 , the program will print after carriage return:
M,SP,CS,CC
= . Input the above variables,

If NSUCT = 1 , the program will print after carriage return:
H A,B,ALPHA ,KT,PI,SP
. Input the above variables. If ALPHA left
blank, then o =0 for PI < 5
a = 0.0275PI ~ 0.125 for 5 < PI < 40
a=1 for PI > 40
If SP left blank, the swell pressure will be assumed
the initial matrix soil suction

The program will repeat steps 3 and 4 until all soils from M
to M = NMAT are input

The program will print after carriage return:

ELEMENT ,NO. OF SOIL

= . Input 1,1

=, Input element,2 for elements in increasing order
for each increase in soil type M

. Input NEL,NMAT as the last and deepest element
for soil type M = NMAT

The program will print after carriage return up to NPROB :
XA ,XF,DGWT ,IOPTION,NOPT
= . Input the above variables

If NBPRES # 1, the program will print after carriage return:
Q,BLEN,BWID, LOCATION (CENTER=0 ,EDGE/CORNER=1)

=, - Input the above variables

If NBPRES = 1, the program will print after carriage return:
PLOAD,AF ,DP,DB

= . Input the above variables

&
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Table 3
Description of lnput Data

Symbol Step Description
Type of Probdlem
[+ ] 2 Number of cases with the same soil protile. Loads and foundation dimensions can be varied
NSUCT 2 Option for model: =0 for consolidation swell (MECN) model; =I for soil suction model
NOPRES 2 Option for foundation: =1 for circular or shaft; =2 for rectangular slab; =3 for long continuous
wr 2 Yotsl ausber of nodsl points, NEL + 1
NBX 2 Number of nodal point at the bottom of the fouldatioa
NIAT 2 Total sumber of different soil layers
[ 2 Jaccement of depth, ft
Physical Properties
n 3 Number of soil layer
G 3 Specific grevity G. of soil layer M
v 3 Initial water cooteat v, of soil lsyer M , percent
0 3 Iaitisl void ratio LA of soil layer N
[ 3 Soil eff: hes i c' or undrained shear c , taf
mi 3 Effective angle of internal friction @' ; = 0 if C = < v
4 3 Ratio of horizoatal to ticel ef K.K = 1.0 if left blank
Swell Charscterization the Coasolidation Swell (MECH) Model
] 4A Nuaber of soil layer
- 4 L) Suell pressure o, of soil layer M , tsf
cs L) Suell index <, of soll layer M
cC L) Compression index €, of soil layer M
Swell Chavscterization the Soil Suction (SUCT) Model
] L Sumber of soil layer
A o Intercept of log suction and water costest relationship of soil layer N , tof
» o Slope of log suction and water coatest relatioaship of soil layer
ALPHA 3] Compressibility factor ¢ of soil layer M
xt 4B Ratio of total horizontal to vertical pressure "l‘ of soil layer M
[ 44 L Plasticity index PI of soil layer M , perceat
& Swell pressure o, of soil layer M, tof. o = t: if left blenk
Llement Characterization
ELEMENT 5 Nuaber of soil element
W0, of Seil 5 Wumber of soil layer M
mL 3 Total number of soil elesents
AT 5 Total aumber of soil layers
Equilibriue Hoisture Profile
XA 6 Dupth of the active zone X. . ft. b the d the equilibrium moisture profile extends
dows o the bottom nods] point MNP
xr 6 Depth from ground surface to the depth that the sctive zome begias x‘ , ft
DewT [ Depth to the growndvster table, ft. DGWT is set imtersslly to the depth of nodal poimt NP if TOPTION > 1
10PTION 6 Equilibrium moisture profile: =0 for saturation (Equatiom 7); =l for hydrostatic I (Equation 8); to simulate :
quation (9), set lmlﬂll..‘“ll -UIV'OIIOPHG-ZUWUI if IOPTION = 3 and NSUCT = 1, the
fiaal total soil tion without harge p ‘:0 is taput for esch soil layer
worr [ Option for amouat of output: =0 for forces (if NDPRES = 1) sad totsl heave; =1 for forces, totsl heave, and the
fraction and excess pore pressure at each depth intervel
Lesding and Dimensicas of Fewndation
Q TA Pouad: and pressure, tof
| 1 TA Radius of circular foundstion (ll!lll = 1); lemgth of slab (MBPRES = 2), 0.0 for loag coatimwous (NBPRES = 3), ft
WID 1) 0.0 for circular fouadation; width of slab; width of long coatinuous footing, ft
LOCATION n =0 for ceater of rectangular slab or lomg ceatimwous footiag; =1 for corner of slab or edge of loag coatimuous
foeting. Mot weed for circulsr feuwndation where oaly center results printed
PLOAD b Leading ferce on circular shaft iscluding weight of shaft q' » tons
Ar » Reduction fector of skim friction ters e, (Equation 13)
[ g »n Dismster of shaft D
o »

Disseater of base or vaderresn l..!

--..-n'wu"-. -.. . '.. .. -...-.,. . -' - ..' - ..... - .'. - ._' N .'

P SR P NP A Lo e
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Table 4
Qutput Data Format

Line Data

NBPRES # 1

1 (If NOPT = 1)
ELEMENT DEPTH,FT DELTA HEAVE,FT EXCESS PORE PRESSURE,TSF

' SOIL HEAVE NEXT TO FOUNDATION EXCLUDING SUBSOIL= FEET
2 SUBSOIL MOVEMENT= FEET
§ 4 TOTAL SOIL MOVEMENT= FEET
. NBPRES = 1
? FORCE RESTRAINING UPLIFT= EXCESS= TONS
g SHAFT HEAVE (EXCLUDING SUBSOIL MOVEMENT)= FEET
E FORCE AT BOTTOM OF SHAFT= TENSION= TONS
1 AREA STEEL= PERCENT
| 4 (If NOPT = 1)
: ELEMENT DEPTH,FT DELTA HEAVE,FT EXCESS PORE PRESSURE,TSF
; 5 SOIL HEAVE NEXT TO FOUNDATION EXCLUDING SUBSOIL= FEET
i 6 SUBSOIL MOVEMENT= FEET

7 TOTAL SOIL MOVEMENT= ) FEET

8 TOTAL SHAFT MOVEMENT= FEET
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Table 5

Description of Output Data

Symbol Description

ELEMENT Number of element

DEPTH,FT Depth of center of element, ft

DELTA HEAVE,FT Heave of increment (element) AH , ft

EXCESS PORE PRESSURE,TSF Initial negative pore pressure ex-
ceeding equilibrium pressure,tsf

SOIL HEAVE NEXT TO FOUNDATION Movement of adjacent soil above bot-

EXCLUDING SUBSOIL tom of foundation, ft

SUBSOIL MOVEMENT Movement of soil beneath foundation,
ft

TOTAL SOIL MOVEMENT Total heave of soil adjacent to
foundation, ft

FORCE RESTRAINING UPLIFT Force restraining uplift Qr , tons

EXCESS Q - Q, where Q, = uplift force,
tons

SHAFT HEAVE (EXCLUDING Movement of shaft excluding soil

SUBSOIL MOVEMENT) movement beneath shaft, ft
FORCE AT BOTTOM OF SHAFT Force exerted on soil beneath the
. shaft (positive quantity), tons

TENSION Maximum tension in shaft (negative
quantity), tons

AREA STEEL Percent steel from Equation 14

assuming ASTM A615 Grade 60 steel
is used. The minimum steel should
be 1 percent although the computed
steel may be less.

TOTAL SHAFT MOVEMENT Total movement of shaft, ft

Note: Positive values represent upward movement or compression force
while negat .ve values represent downward movement or tension force.
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3 Table 7 o
f Input and Output Data for Slab in Excavation .

( Input Dats R

SYSTEM PFORT
gi.l OR NEW~0OLD HEAVE
REARY
KN
=5LAE IN EXCAVATIONy DGWT = 22 FT MECH
NFPROByNSUCTyNBFRES » NNF s NEX s NMAT » X
=ZyQr 2y 4592594y .3
MrGrWOYEQsCyFHI WK
@iy 79230948y
YeyRlLLeyBFYCSyCC
mL D a2 R QA% 27
MoGBrWOIEQsCoFHI YK L
w2 Tr AT v 740y sy ST
MrALLYSFCEYCC 1
52980090069 4045y 27 :
MrGrWC/EQsCrFHIPK mof
w2y 2075930, 828y o
MrALL PSP CSYCC
“394P 49790039427
MrGoWUIEQOYCyPHI PR
v o299 4828y
My ALY SF Y8 CC
By 7O v 2.9y 082y ,2
ElLEMENTYNO. OF SOIL
EN Y

. wPyd
w1793
=20y 4

=44y 4

7 WOKELRUAIS DMt
i 7 WA AR

A 0% d A

KAy XF»LGWT » TOFTION» NOFT

w024 900922.9001

GyBLENsBWIL»i.OCATIONCCENTER=0yEDGE/CORNER=1)
wo 072910049100, 90

Ty T

Y,_I‘._.
¢

(Continued)




% 3
5 ‘_,:i
- Table 7 (Concluded) j
[ Output Data SRS
; A
: ELEMENT DEPTHsFT DELTA HEAVEsFT EXCESS PORE FRESSUREsTSF R
: 1 0,25 0.05459 2,18559
: 2 0.75 0.04266 2,15676 s
o 3 1,25 0.,03712 2.12793 R
; 4 1.75 0.03346 2,09910 ot
5 2,25 0.03073 2,07027 v
6 2,75 0.02856 2,04145 L
7 3,25 0,02674 2,01262 Lo
8 3475 0,02519 1.98379 R
9 4,25 0.,01107 0.41426 SR
10 4,75 0.00977 0.38404 L
11 5425 0.,00860 0,35382
12 5,75 0.00755 0.32360
13 6425 0.00658 0.29338
. 1% 6475 0.,00570 0.26316
s 15 7.25 0.00488 0.23294
o 16 7.75 0.00411 0.20272
L 17 8425 0.00258 0.21231
E 18 8,75 0.00215 0,18170
: 19 9. 25 0.,00174 0415109
§ 20 975 0.00135 0.12049
3 21 i0.25 0.00098 0.08988
. 22 10,75 0.00063 0,05927
N 23 11425 0.00030 0.02866
D 24 11475 0.00437 0.32068
N 25 i2.25 0.04095 2,31278
: 26 12,75 0.03725 2.28235
27 13,25 0.03441 2.25191
28 13.75 0,03210 2.22146
29 14.25 0.03016 2,19101
30 14,75 0.02847 2,.16054 :
31 15,25 0.02699 2,13005 -
32 15,75 0.02567 2.09955 &
33 16,25 0.02448 2.06902 e
34 16475 0,02338 2,03847 Ry
35 17.25 0.02238 2,00790 bl
36 17,75 0,02145 1.,97729 RERRE
37 18,25 0.02059 1.94666 e
38 18,75 0.,01978 1.91599 E
39 19,25 0.01902 1.88528 U
40 19475 0,01830 1.85454 505
41 20425 0,01763 1.82375 e
i 42 20,75 0.01698 1.79292 RER
- 43 21,25 0.01637 1.76205 RN
44 21,75 0.01578 1.73113 S
; SOIL HEAVE,FT! ADJACENT TO FOUNDATION= 0.17570 SURSOIL= 0.24608 e
4 T
- . -}
E': X ) :"1
v v L J L J A 2 L B v v v v i
\ ' _ -
s e e e e e e T e ]
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Table 8

Yoot on G

t Data

=i ONG CONTINUOUS ON GROUND SURFACE»
NFROE s NSUCT s NBPRES » NNF y NEX» NMAT » DX
“290939179192943

MrGYyWCPEQsCoFHIYK

21 9247923498290

. MrALLSFYLSHCC

o 21957e92:29.,045y .27
MsGrWCHEQ»CyPHIK

=2y 2792509074500y

MrALLYSF«CS»CC

#296009.661.0459,27

ELEMENTYNO., OF SOIL

=1yl

w9y 2

=1brd

XAs XFoLGWT s TOFTIONY NOFT
2849409849001

D N ARE AL L oy
0 % AARCELLACA NS e

i rag
D )

240739 402100.91

-
St
‘9- .

Input and Output Data for Continuous

Surface

DGWT = 8 FT

Ay BLEN BWIDy LOCATIONCCENTER=0EDGE/CORNER=1)

MECH ]

I! Output Data
-, ELEMENT DEFTHsFT DELTA HEAVE)FT EXCESS FORE FRESSUREsTSF
X 1 0.25 0.,03832 2.13549
- 2 Q.75 0.,03432 2.10679
3 1425 0.,03141 2,07809
4 175 0.02911 2.04939
] 225 0.02722 2,02068
6 2.75 0.02561 1.99198
7 3425 0.02420 1.96328
8 3.73 0.,02296 1.93458
9 4038 0.00903 0.34518
i0 4075 0.00794 0.33508 B
i1 TGed 0.00694 0.30498 I B
i2 5?5 0.00603 0.27489 R
i3 b+ 29 0.00519 0.24479 e
4 be75 0.00441 0.21469 ,5;”
15 7425 0.00367 0.18459 e
ié 7¢75 0.00299 0.15450 R
SOIL HEAVEsFT? ADJACENT TO FOUNDATION= 0. SURSOIL= 0.13968 D
XBYE RS
X¥resources used $ 2,83y used to date $ 589.92= 29% .
¥ktime sharing off at 10,481 on 06/04/80 e
.-'i
YT T e v L J L J L L L 4 o L 4 L J o o Qo'
f'f"f:{;ﬁ;fufﬁ” ----- L“'jl;;fijiji ..................... . N
A e T e N RN DT




Table 9
Shaft Foundation 30 Feet Deep

Input Data

RUN

=SHAFT FOUNDATIONy» DGWT = 40 FT SUCT DRAINED IATA

NFROByNSUCT » NBFRES » NNF y NEX » NMAT » DX e

=11v3191+4153195,1, R

MyGrWCYEOQSCrPHIYK """J
: =192:79230748940920491, o
3 MsA»ByALFHAYAKOFI R
E =196.739¢2591 09014939,
@ MrGrWCIEQYCrPHI K
' =Q92.7912349¢7459.09204901, ifﬂt
F MrA» By ALPHA»AKO P I —o
N =296.75942091491.140, ERER:
X MsGrWCYEDYCHPHIPK f:i;
. “392:7%593049.8259.0030.91., '-._"
" Mr»AyByALFPHA»AKOYPI e
£ =Z3y5,048y9.179.26714914, R
i MsGyWCYEQ»CyPHI K -
. =h92e76929:9.828914910.92, v

MrAryByALPHAYAKOSFI e

=“4y5H.869.18v1.924955, I

Ms»GrWCI,EOQYCrPHI K O

=552:76929.9.82891.»10.92, '_.

MrsAsByALPHA»AKO P11 '

=5966149.1991492.9955,
ELEMENTyNO., OF SOIL

=1yl
=[y 2
=993
=13y 4
=3199
=409
XA XFryDGWT » IOPTIONYNOPT AN
=40,9+0740.90r1 ;lfﬁ
- ."
FLOALYAF»DFyDB T
=10e91492493, I
\ (Continued) R
g ;a;A
. A
3 Rate
3
g ™)
=
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Table 9 (Concluded)

FORCE RESTRAINING UFLIFT= 93.758 EXCESS= -~120.696 TONS
SHAFT HEAVE= 1.16250 FEET R
FORCE AT BOTTOM OF SHAFT= ~166.454 TENSION= ~166.454 TONS

ELEMENT DEPTHsFT DELTA HEAVEFT EXCESS FORE PRESSURE» TSF

i 050 0.15241 9.97117

2 1.50 0.12378 9.91352

3 2.50 0.11047 9.85586

4 3.50 0.10171 9.79820

5 4,50 0.06707 2.,90143

6 5.50 0.06146 2.84099

7 6450 0.05683 2,78055

8 7450 0.05288 2,72011

9 8,50 0.,01048 0.56546

10 9,50 0.,01783 0.72427

11 10.50 0.014680 0.70835

12 11.50 0.01586 0.69244

13 12.50 0.06457 3.62349

14 13.50 0.04282 3.01758

15 14.50 0.,04017 2.91613

16 15.50 0.,03771 2,81469

17 16.50 0.03540 2.71325

18 17,50 0.03323 2.61181

19 18,50 0.03118 2,51036

20 19.50 0.02924 2.40892

21 20.50 0.,02740 2.30748
22 21,50 0.02564 2.20603
23 22.50 0.02397 2.10459
24 23,50 0.,02237 2,00315
25 24,50 0.02084 1.90171

26 25,50 0.,01937 1.80026

27 26,50 0.01796 1.69882

28 27.50 0.01660 1.59738

29 28,50 0,01529 1.49593

30 29,50 0.01402 1.39449

31 30,50 0.01133 1.19369

32 31.50 0.01021 1.,09224 =
33 32,50 0.00912 0.99080 T
34 33,50 0.00807 0.88936 :
35 34.50 0.00705 0.78791 R
36 35.50 0.,00606 0.68647 g
37 36,50 0.00509 0.58503 3
38 37.50 0.00415 0.48359 —
39 38.50 0.00324 0.38214 Nt
40 39.50 0,00235 0.28070 ;

SOIL HEAVEsFT?

ADJACENT TO FOUNDATION= 1.30335 SUBSOIL= 0.06666
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APPENDIX A: PROGRAM LISTING

1000C PREDICTION OF HEAVE - HEAVE
TOTOC ~"BACED ON CONSTANT VOLUME SWELL/SWELL OVERBURDEN/SUCTION ~——
1020C DEVELOPED BY L. D. JOHNSON =
1030 PARAMETER NL=10sNQ=81 Y |
T040 T COMMON A(NL) s BINL) s G(NL) sWC(NL) yEOC(NL) »SF(NL) s AK(NL)?CS(NL) s X
10508 CC(NL)»ALPHA(NL) rAKO(NL) »P(NQ) s TE(N@»1) s N1 sN2sNBXsNEL » IOPTION) ce
10608 NOPT»DXsDXX»DGWTsPII»XArXFyDELHsDELH1»DELH2 .o
TOB0 ~ DINENSION PPINR)YSPI(NL)»C(NL)sPHI(NL) ~ ~~~  ~~——" L]
1085 PRINT 1 e
1086 1 FORMAT(AHTITLE?) - o
TO9P0 READ'3 ~ - Tt ocoTomm s o e
1100 3 FORMAT(3OM {
1110 GAW=0.03125 S

: 1120 PII=3,14159245 T T

[ 1130 NP=1

. 1140 PRINT S

: II50 5 FORMAT(3AHNPROB,NSUCT »NBPRES)NNP»NEXsNMAT»DX) R -

w 1160 READs NPROB» NSUCT » NBPRES r NNF » NBX s NMAT » DX -

} 1170  NEL=NNP-1 ©

. 1180 14 PRINT 10 ot T S

: 1190 10 FORMAT(17HM»GrWCrEOICrPHIIK)

| 1200 READ)MsG(M) rWC(M)yEO(M) s C(M) »PHI(M) »AK(M) )

T 1210 " PHI(M)=PHI(M)XPII/180. CoTT T T T

- 1215 IF(AK(M) LT,0.01)AK(M)=1,0

H 1220 IF(NSUCT.EQ.1)G0 TO 25

- 1230  PRINT 12

3 1240 12 FORMAT(10HMsSP»CS,»CC)

: 1250 READ»MsSP (M) sCS(M) »CC(M)

3 1260 GO TO 20 —

= 1270 25  PRINT 8

z 1280 8 FORMAT(20HMsAr»BrALPHA»KT»FPISP) W
1290 READ s MsA(M) +yB(M) »ALPHA(M) »AKO(M) yPI(M) s SP(M) ERRe

1300 IF(ALFHA(M) .,LE.0.)GO TO 16 te
1310 GO TO 20 s ‘4
1320 16 ALPHA(M)=,027S8PI(M)-.125 ; ’ ' '
1330 IF(PI(M)LE.S.)ALPHA(M)=0,0 e
1340 IFCPLI(M).GE.40.)ALPHA(N) =1, L
1350 20 IF(NMAT-M)26+27+14 - T
1360 26 PRINT 17+M )
1370 17 FORMAT(20H ERROR IN MATERIAL »IS) - o
1380 STOP Com e od
1390 27 L=0 .
1400 PRINT 30 PR
1410 30 FORMAT(19HELEMENT»NO. OF SOIL) : ST
1420 40 READsNsIE(N»1) S
1430 50  L=L+1 T
1440 IF(N-L)60,40,70 A v
1450 70  IE(Lr1)=IE(L-1s1) .
1460 GO Y0 S0 B |
1470 60 IF(NEL-L)80,80,40
1480 80  CONTINUE

1490 PRINT 81

o ‘@ w e @6 ‘@ ‘'@ @ o @ ® e o ©




1900 91 FORNAT(/y 23HXA»XF » DOUT» IOPTIONNOPT)

1510 READ»XA»XF» DGWT » IOPTIONs NOPY
1515 IF(NSUCT.EQ.0.AND.IOPTION.BT.1)PRINT 85 -
1517 85 FORMAT(IOHIOPTION TOO LARGES IOPTION = 7) &
. 1918 - - - - IF CNSUCT.EQ. 0 AND.IOPTION.BT. 1 TREAD » TOPTION RS
N 1519 IF(IOPTION.BT.1)DGWT=FLOAT (NEL)SDX A
" 1520 IF (NBPRES.EQ.1)60 TO 89
o 1330 PRINT 86
- 1540 86 FORMAT(/»A4HQ»BLENsBMNID,LOCATIONC(CENTER=0+EDGE/CORNER=1))
= TSS0 """ READ»QsDLENsBUID,MRECT
1560 80 T0 91
1570 89 PRINT 90
1580 90 FORMAT(/»14HPLOAD»AF»DP+DB) - T -
1590 READsPLOAD»AF »DP+» DB
1592 IF(DP .GT.DB)PRINT 88 )
1593 88 FORMAT(S1HDIAM SHAFT TOO LARGES DIAM SHAFT = 7, DIAM BASE = )~
1594 IF(DP.GT.DB)READsDP»DB -
1600 91 IF(IOPTION.LT.3)80 TO 92 ;1i~
1610 PRINY 101 T T

1620 101 FORMAT(I1HMATERIAL NOsFINAL TOTAL SUCTION)

1630 102 READsM»CC(M)

. 1640 IF(NNAT-N)103,92,102 T
1 1630 103 PRINT 103,

] 1660 105 FORMAT(20H ERROR IN MATERIAL »15) B
14670 GO T0 102 T T T e

., e

24

1690C CALCULATION OF EFFECTIVE OVERBURDEN PRESSURE e
1700 92 P(1)=0.0 o Co
1710 PP(1)=0,0

1720 DXX=DX L
1730 DO 100 I=2,NNP L S
1740 NTYP=IE(I-1,1) - 5
1750 WCC=WC(MTYP) /100, AR
1760 GAMM=G(MTYP)XGAWK (1, +WCC)/ (1 +EOCHTYPYY) -9
1770 IF(DXX.6T .DGWT)GAMM=GAMM-GAN n
1780 PCI)=P(I-1)+DXXGANM ST
1790 PP(I)=P(I1) _ e Sl
1800 DPXX=DXX+DX T
1810 100 CONTINUE SR
1820 IF(NSUCT.6T.0.AND.IOFTION.EQ.2)G0 TO 111 o o]
1830 GO TO 112 SR
1840 111 MATNEL=IE(NEL»1) -
1845 IF (AKO(MATNEL) (LT.0.01)AKO(MATNEL ) =AK(MATNEL) . '1 ?
1850 F=(1.+2.XAKO(MATNEL)) /3, SRR
1860 TFI=A(MATNEL)-B(MATNEL ) XWC (MATNEL) 4
1870 TFI=10.XXTFI _ N 3
1872 ALP=ALPHA (MATNEL) -
1874 IF(DGWT.LT.FLOAT (NEL)2DX)ALP=1,0 RE
1880 TFI=TFI-P (NNP)XFXALPHAC(MATNEL) - [
1890 112 DBXX=0.0 T e
1900 DO 114 I=1,NNF e
1910 Al=I-1 _ . S
1920 BN=DGWT/DX-AL

LY T
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1930 IF(NSUCT/EQ.0.AND . DXX.LT .DEUT .AND.IOPTION.EQ.1)P(I)=P(1)¢
19408 BNSDXSOAW
TTIFINSUCTL.EQOYGO YO MY T T T T T T
1953 IFC(I.EQ.1)MTYP=IE(1,1)
1957 IFCI.GT 1INTYP=IE(I-1¢1)
I970° = T "ALPSALPRATATYPY T T T T s T
1973 IF(DXX.6Y.DBUT)ALP=1,0
1980 TF=0,0
IY90 " IFTIOPTION.EU.I.AND.DXX . LT .DBUT)TFiONRDXRGAW
2000 IFCIOPTION.EQ.2)TF=TFI+(FLOAT(NEL)EDX-DXX)SGAW
2009 IF CAKO(HTYP)(LT.0.01)AKD(NTYP)=AK(NTYP)
2O0I0 T FEQICEIIARONYYP /3 —
2020 IFCIOPTION.EQ.3)TF=CC(NTYP)=-P(I)SFEALP
2040 P(I)=TF+P(I1)SFEALP
2050 IF(PTI) LT, 0. 0JPRINT 1T& PUIVYY
2040 116 FORMAT(I1HNEGATIVE FINAL EFFECTIVE STRESSsF10.5y
20708 12H IN ELEMENT»IS)
2080 113 DXX=DXX+DX
<20%Y0 II¥ CONTINUE -
2100 IF(NBPRES.BT.1)CALL SLAB(Q/NSUCTsBLEN»BWID»MRECT » NBPRES»PP(NBX))
2110 IF(NBPRES.GT.1)G0 TO 210
2120C CALCULATION OF RESTRAINING FORCE
2130 CON=DXSPI1XDPRAF
ZI40 —PIED, 0
2150 PR1=0.0
2160 P81=0,0
2170 T TANLEXA/X T T — ¢ T oo
2180 N1=IFIXCANL)+1
2190 N2=NBX-1
2200 — TIFINTL.BEN2)BDTO 122 & T T
2210 DO 120 I=N1,N2
2220 NTYP=IE(I»1)
2230 T T TPHaPHI(MTYPY T T oot T
2240 TA=SINC(PH)/COS(PH)
2250 IF(NSUCT.EQ.0.OR.SP(MTYP).GT.0.01)60 TO 115
ZI80 TAUT=ATHTYPY-B(HTYPIBNC(MTYP)
2270 SP(MTYP)=10,.%%TAUIL

2280 115 PS1=PS81+SP(MTYP)XCON

ZZ90 T TPREIPPTIY¥PPUI¥DY72¢
2300 PR1=PR1+PRECON
2310 P1=P1+(PRETARAK(MTYP)+C(MTYP))%CON

232077 120 TONTIRUE —~ "~ -
2330 122 MHAT=]E(NBX-1r1)

2340 QBU=7 ., XC(MAT)

2350 7 T IFTPRI(RAT).LY.0.001)G0 TO 128

2360 PH=PHI(MAT)

2370 TA=SIN(PH)/COS(PH)

2380~ T XNQ=(PH72,)H¥AS.2PT1/180, "~~~ T
2390 - XNQ=(1,+TAISEXP(TAYX(SIN(XNQG)/COS(XNQ))%%2,
2400 XNC=(XNQ-1.)/TA

TA107TT T DBOSC(NATYRXNCIPONBXOXXNG - — "7~ 7

2420 125 PRE=PLOAD+F1+QBUSPIIS(DBXX2,-DPX%2,.)/4.
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2430 PRF=PRE/ ((FLOAT(N2)8DX-XF)SPIISDP) .
Z330C " TALCULATIUR UF EXCESE RESTRAIRYNG FURCE AT BUTYOR OF PIER 5
2450 P220.0 Rty
2460 DELAV=0.0 L o
- . -
2480 PR3=0.0 ST
2490 PS8220.0 R
2500 CALL PSAD" R
2510 DO 150 I=N1,N2 .
2520 NTYP=IE(Ir1) e
2530 PHEPNITHTYPY C
2540 TA=SINC(PH)/COS(PH) "
2550 IF(NSUCT.EQ.0)60 TO 145 .
TS50 CBURTYPISACPHATRTYPTRG(NTYPY7T{I00 . SFTRTYFYY L
> 2570 TAUISA(NTYP)-B(NTYP)SUC(NTYP) .
. 2573 IF(SP(NTYP).6T.0.01)60 TO 14S -
*‘ 2580 SPUATYP)=TU,.¥STAUT ) -
A 2590 145 PS2=PS2+SP(MTYP)SCON o
. 2600 PR=(PP(I)+PP(I#1))/2, DS
" 28I PRRE(PTDI¥PIININIZ72, ~ — 7 o S
2420 PR2=PR2+PRSCON L
2630 CT=CS(NTYP) R
2680 " IF(PRR.GT.SPTUTYP) . AND .NSUCT .EUVICT=CCINTYPT
2650 CT=CT/(1.+EOCMTYP))
2660 IF(PRR.LT.PRF)PRR=PRF )
2570 T 'CASBPTINTYPY7PRR I PR
2680 DEL=CTSALOG10(CA)SDX -
2690 IF(DELLT+0.0.,AND,DXX.GT.DGWT .AND.NSUCT.BT,0)DEL=DEL/ALPHA(NTYP) "3
2700 IF(DEL.LY.0.0. . N el N . . = ; ',..-:
2710 P2=P2+ (PRETASAK(MTYP) +C(MTYP) ) SCON o
2720 DELAV=DELAV+DEL ST
2730 150 CONTINUE .
Z7%0— — PST=PBY¥PSZ PRI,
2750 PRT=PR14PR2 ’3?
2760 CAT=P1+4P2 a2
2770 DPSR=P82~PR2 -
2780 QsPRE-DPSR B
2790~ " IF(DPSR.BT.P2YU=PRE-PZ B
2800 PRINT 160sPRE+Q "
2810 160 FORMAT(/»25HFORCE RESTRAINING UPLIFT=yF10.3,YH EXCESS=, P
2820Y  F10.3,8W TONS) ’ - e
2830 IF(Q.GT.0.0)DELAV=0,0 R
2840 PRINT 162sDELAV RS
2850 182 FORWATTATREBRAFT HEAVE (EXTLUDING SUSBOYL WOUVENENT )=, p
268524 F13.5:6M FEET) RSN
2860C CALCULATION OF FOUNDATION PRESSURE BENEATH FOOTING e
2870 T PBYPRTSPST=PRY  ~—~ ~~~~"" T e
2880 Q0=PLOAD-PSTPRT SRS
2890 IF(PSTPRT.GT.CAT)0Q=PLOAD-CAT R
ZU9S T IFQULLTI0.0)0ae0., 00000 T - C o
2900 T=PLOAD-DPSR Do
2910 IF(DPSR.BT,.P2) TePLOAD-P2 SRR
H o'
A4 T




PR SRS

J

LI

A

-

i
YIS TTIF(YLBY.0.00Y=0,00000 T T T T T
2920 PRINT 170,007
2930 170 FORMAT(2SHFORCE AT BOTTOM OF SHAFT=sF10,3,9H TENSION= » ) [
29401 F10.3,6M TONS) o ) i ._1
2942 IF(T.LT.~0.0001)ASTEEL=~0.038T/DPE82, .
2944 IF(T.LT.-0.0001)PRINT 180+ASTEEL L 1
2946 ~ 180 FORMAT(34X»11HAREA STEEL=yF10,3s9H PERCENT) o]
2950 IF(QQ.LE.0.01)G0 TO 290 R
2960 BPRES=QQ+PP (NBX)%.78548(DB882,-DP2X2,) R
2970 BPRES=BPRES/ (. 78548DBEE2,)-PP (NBX) TroTm ot —g
2975 BPRE1=DPRES L4
2980 DXX=0.0 ) S .o
2990 DO 200 I=NBXsNNP v
3000 IF(I1.EQ.NBX)BO TO 201 1
3005 MTYP=IE(I-1s1) o ]
3004 IF(NSUCT.EQ,1)ALP=ALPHA(NTYP) P
3007 IF(NSUCT.EQ.1.AND.DXX.GT.DGWT)ALP=1,0 : g
3008 IF(NSUCT.EQ.1)BPRES=BPRE1XALPX(1.4+2,XAKO(MTYP))/3,
3010 TP=1.+(DB/(2.8DXX))282, ' o T T T s
3020 TP=TP%%1.5 S
3030 P(I)=P(I1)+BPRESK(1.~1./TP) o o Tt
3040 G0 TO 205 RS
3050 201 P(I)=F(I)+BPRES
3060 205 DXX=DXX+DX A
3061 200 CONTINUE oottt T e
3062C CHECK FOR BEARING CAPACITY P
3063 210 DO 250 I=NBXsNEL S
3064 MTYP=IE(Iy1) T SR
3065 QBU=9 . XC(MTYP)
3066 IF(PHI(MTYP)>.LT.0.001)60 TO 270
3047 PH=PHI(MTYP) Tt TT T
3068 TA=SIN(PH) /COS(FH)
3069 XNQ=(PH/2,)+45.8P11/180, S
3070 XNQ=(1.+TAIXEXP(TA)X(SIN(XNQ)/COS(XNQ) ) XX2, o
3071 XNC=(XNQ-1,)/TA .
3072 QBU=C(MTYP)ISXNCH+((PP(I)+PP(I+1))/2,)%XNQ :
2073 270 IF(F(I).GT.QBUYPRINY 280,0BU,I T T .
3074 280 FORMAT(19HBEARING CAPACITY OFsF10.3,18H TSF EXCEEDED FOK, o
3075% 8H ELEMENT»IS) s :..;
3076 250 CONTINUE i . .
3077C CALCULATION OF MOVEMENT FROM MODELS AR
3080 290 IF(NOPT.EQ.0)G0 TO 300 R
3100 PRINT 305 CoT e e
3110 305 FORMAT(/y»33HELEMENT DEPTHsFT DELTA HEAVE+FT, SRS
3120% 26H EXCESS PORE PRESSUREsTSF) Lo
3130 300 IF(NSUCT.EQ.Q)CALL MECH SRR
3180 IF(NSUCT,GT.0)CALL SUCT Tt T T T T .
3141 DEL1sDELH14DELH2 ~
3143 PRINT 306sDELH1sDELH2sDELL CL
3144 306 FORMAT(/»4ABHSOIL HEAVE NEXT TO FOUNDATION EXCLUDING SUBSOIL=, B
;;42; F8.5s6H FEET¢/s17HSUBSOIL MOVEMENT=¢31XsF8.576H FEET, SO
‘31468

/120HTOTAL SOIL MOVEMENT=»28XsFB.5»8H FEET) T HERR
ettt 1
K|
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3147 IF(NBPRES.EQ.1)DEL2=DELAV+DELH2

3148 IF (NBPRES.EQ.1)PRINT 308,DEL2
T14Y "30B FORMAT(21HTOTAL SHAFT MDVEMENT=;27X:F8.556H FEET)
3150 NP=NP+1
3160 IF (NP.GT.NPROB)GO TO 310
N7 G0 TO 8O ) ‘ T
3180 310 STOP
3190 END
Reig - S e S
3210C )
3220 SUBROUTINE MECH ]
I230° "~ “PARAMETER NL=10,NQ=81 =~ ~ = s
_ 3240 COMMON ACNL)sBCNL)»G(NL) sWC(NL)»EOCNL) sSP(NL) s AK(NL) »CE(NL) s
. 32508 CC(NL)yALPHACNL) sAKDC(NL) sPC(NQ) s TECNG21) s N1 sN2¢NBXsNEL » IOPTION
¥ JI260T  NOPTyDX»DXXs DBWY>PTI» XA XFyDELHsy DELH1 s DELH2 ™ — Lo
. 3280 DELH1=0.0 - ]
b 3290 CALL PSAD L2
3 I3I00 ° IF(N1.GE.N2)GO TO 50 T T T T RIRC
[ 3310 DO 10 I=N1,N2 ST
< 3320 NTYP=IE(I»1) o o
[ 3330 PR=(P(I)#P(I41))/2,
o 3340 CA=SP(MTYP) /PR
3 3350 E=EO(MTYP)+CC(MTYP)XALOG10(CA) e
g 33460 IF(PR.LT.SP(MTYP) YE=EO(MTYP)+CS(MTYP)IRXALOBL1OCCA) ~—  ~ -
- 3370 DEL=(E-EO(MTYP))/(1,+EO(MTYP)) Y
3380 IF(NOPT.EQ.0)G0 TO 40 ey
3390 ° DELP=SP(MNTYP)-PR ‘ T T .
3400 PRINT 200sIsDXXsDEL»DELP S
_ 3410 40 DELH1=DELH1+DX®DEL o
3 3420 DXX=DXX+DX T I
3430 10 CONTINUE -9
l’ 3450 S0 DELH2=0,.0 L _ . g
" 3470 IF{NBX.GT.NEL)GO TO 17S RN
. 3480 DXX=FLOAT(NBX)XDX-DX/2, R
: 3490 DO 100 I=NBX,NEL MR
3500 MTYP=IE(I»1) T SR
s 3510 PR=(P(I)4+P(I+1))/2. et
v 3520 CA=SP(NTYP) /PR
‘ 3530 ExEQ(MTYP)+CC(MTYP)XALOG10(CA) A
] 3540 IF(PR.LE.SP(MTYP))E=EO(MTYP)+CS(MTYP)SAL0OG10(CA)
& 3550 DEL=(E-EOCMTYP))/ (1. 4EO(MTYP))
- 3560 IF (NOPT.EQ.0)G0 TO 125 ot
- 3570 DELP=SP(MTYP)-PR
- 3580 PRINT 200,IyDXXsDELsDELP .
g 3590 125 DELH2=DELH2+DXSDEL . T o R
i 3400 DXX=DXX+DX ®
- 3610 100 CONTINUE S
, 3630 200 FORMAT(IS»F10.2,F15.5+5XsF15.5) T Co .
3 3660 175 RETURN )
> 3670 END -]
b 3480C R B
! 3690C ]
g -
I -y —r—y
X o ]
:: R
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3700
3710
3720

37408 NOPT»DX»DXX»DGWT»PITsXArXFyDELHsDELH1»DELH2 ~

3760
3770
3780

SUBROUTINE SUCT
PARAMETER NL=10,NQ=81

COMMON ACNL) »B(NL) »GINL) rWC(NL) sEOCNL) » SP(NL) » AKC(NL) yCS(NL)»
37308 CC(NL) rALPHACNL) yAKOC(NL) sP(NQ) yTE(NQ»1) yN1sN2yNBXsNEL» IOPTICN,

3790 7 °

3800
3810
3820
3830

S50

~ DXX=FLOAT (NBX) ¥DX-DX/2,

'IBAD

3850
3860
3870
3910
3920
I930C
3940C
3950
39460
3970
3980%
39902
4010
4020
4030
4040
40435
‘4050
4060
4070
4080
4090
4100
4119
4120
4130
4140
4150
4160
4170
4180
4190
4200
4210
4220
4230
4240C
4250C

175

_IF(N1.GE.N2)60 TO 50

DELH1=0.0
CALL PSAD

CALL RWBUCY -
DELHI=DELH

DELH2=0.0
IF(NBX.GT.NEL)GO TO 175

" N1=NBX ~

N2=NEL

CALL HSUCT
DELH2=DELH
RETURN

END

SUBROUTINE HSUCT
PARAMETER NL=10,NO=81

COMMON ACNL) yB(NL) »G(NL) »WC(NL) »EODOCNL) »SP(NL)»AK(NL)»CS(NL)»
CC(NL) s ALPHA(NL) yAKO(NL) sP(NQ) s IE(NQ»1) » N1 #N2sNBX»NEL » IOPTIONs
NOPT»DXs» DXXsDGWT»PI1 s XA»XF»DELH)DELH1»DELH2

DELH=0.0
DO 10 I=N1,N2

MTYP=IE(I+1)
IFC(AKO(MTYP) .LT.0.01)AKO(MTYP) =AK(MTYP)
F=(1.42.%AK0OC(MTYP) /3.

PR=(P(I)+P(I+1))/2.
TAUI=A(MTYP)~=B(NTYP)KUWC(MTYP)

TAUI=10.%XXTAUI

UINIT=TAUI-PR

CT=ALPHA(MTYP)XG(MTYF)/(100.XB(NTYP))

CT=CT/(1.,+EQ(MTYP))

30
33

10

RTAU=TAUI/FR
DEL=CTXALOG10(RTAU)XDX

IF(DEL.LT+0.0,AND.DXX,GT .DGWT)DEL=DEL/ALPHA(HTYF) ~~ ~
IF(DEL.LT+0,0,AND,IOFTION,LY,2)DEL=DEL/ALPHA(NTYP)

IF(NOPT.EQ.0)GO TO 33
PRINT 30+1,DXXsDELIUINIT
FORMAT(ISsF10.29F15.5,5X»F15.5)
DELH=DELH+DEL
DXX=DXX+DX
CONTINUE
RETURN
END

A7
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le
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4260
4270
4280
42908
4300%
4320
4330
4340
4350
4360
4380
4390
4400
4410
4420
44308
44403
44350

34807

4470
44808
44908

2%10C -

4520
4530
4540
4550
4552
4560
4565
3567
4548
4569

570

43571
4580
4590
4600
4610
46207
4630
4640

~

SUBROUTINE FPSAD
PARAMETER NL=10sNQ=81
COMMON A(NL) s ECNL) sGUNL) »WCCNL) »EOCNL) »SP(NL) » AK(NL) »CS(NL) »
CC(NL) s ALPHA(NL) sAKOCNL) yP(NQ) » IE(NQ# 1) sN1+N2sNBXsNEL s LOPTIONY
NOPT DXy DXX»DGWTsPIXsXA» XFyDELHyDELH1 » DELH2
AN1=XF /DX o
AN2=XA/DX
N1=IFIX(AN1)+1
N2=AN2
DXX=XF+DX/2. -
N3=NBX-1
IF(N2,GT.N3)N2=N3
CONTINUE o T T
RETURN
END

SUBROUTINE SLAB(RyNSUCT,»BLENsBWID)MRECT»NBPRES,WT)
PARAMETER NL=10,NQ=81 - T coooTTmor T
COMMON ACNL) »B(NL) sG(NL) s WCINL) »ED(NL) s SF(NL) s AK(NL)»CS(NL)»
CC(NL) s ALPHA(NL ) rAKO(NL) rP(NQ) yIE(NQr»1) s N1 o N2/ NEX¢NEL » IQFP TION
NOFT»DXyDXXrDGWTsFIIsXA»XFeDELHyDELH1»DELH2

CALCULATION OF SURCHARGE PRESSURE FRON STRUCTURE
NNP=NEL+1
ANBX=FLOAT(NBX)XDX
DXX=0.,0
BPRE1=Q-WT
BPRES=BPRE1 ) - R
DO 10 I=NBXrsNNF

IF(DXX.LT.0.01)G0 7O 30
MIYP=IE(I-1s1) ’ ' o
IF(NSUCT.EQ. L)ALF=ALFHA(NTYP)
IF(NSUCT.EQ.1.,AND.DXX.GT.DGWT)ALP=1.0 .
IF(NSUCT.EQ.1)BPRES=RPREL1XALPE(1.+2.XAKO(MTYP))/3, "~~~
IF(NBPRES,.EQ.3)G0 TO 20
IF(DXX.LT.0.,01)G0 TO 30
BL=BLEN ST
BW=BWID
BPR=BPRES
IF(MRECT.EQ.1)G0 TO 40 T T
BL=BLEN/2.
BW=BWID/2,

TABSDT T A0 VE2=UBLRK2,PBURK2, +DXXKX2,) /7 (DXXXX2,) ~ T T T

4640
4670
4680
4690
4700
4710
4720
4730
A740

VE=VE2XX0.5

AN=BLXBW/ (DXX%X2.,) S
AN2=ANKE2,

ENM= (2, XANKVE/ (VE24AN2) )X (VE241,) /VE2

FNM=2, KANKVE/ (VE2-AN2) ~ o

IF (MRECT.EQ,1)BPR=BPRES/4.

AB=ATAN(FNM)

IF(FNH.LT.0.)AB=PII+AB -
FCI)=P (L) +BPRE(ENN4AB) /PI] T

A8

@




4750 60 TO 70 L
4760 20 DB=DXX/BWID .
#7707 "7 PS=-,157-,228DB T B
4780 IF (WRECT.EQ.0.AND,DB.LT.2,5)PS=~,28%DB PN
4790 PS=10,¥XPS SR
4600° © TP(I)=P(1)+BPRESKPS PR
4810 60 TO 70 B
4820 30 P(I)=P(I)+BPRES ‘ Ll
4630 70 DXX=DXX+DX ) g
4840 10 CONTINUE

4890 RETURN

‘4900 ° ° END
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced

i below.

Mand” ¢

.

Johnson, Lawrence D.

User's guide for computer program HEAVE / by Lawrence e
D. Johnson (Geotechnical Laboratory, U.S. Army e
Engineer Waterways Experiment Station). -- Vicksburg, S
Miss. : The Station ; Springfield, Va. ; available ’
from NTIS, 1982.

17, [20] p. : ill. ; 27 cm. -- (Miscellaneous T
paper ; GL-82-7) SRR
Cover title, , g
"September 1982." LI
1 Final report.

5 "Prepared for Office, Chief of Engineers, U.S. Army .
under RDTEE Work Unit AT40/EQ/004."
. Bibliography: p. 17,

- 1. Computer programs. 2. Foundations. 3. HEAVE

9 (Computer program). 4. Soil moisture. 5. Soils--Testing.
. I. United States. Army. Corps of Engineers. Office of

b, the Chief of Engineers. II. U.S. Army Engineer

Johnson, Lawrence D.
User's guide for computer program HEAVE : ... 1982,
(Card 2)

Waterways Experiment Station. III. Title IV. Series:
Miscellaneous paper (U.S. Army Engineer Waterways
Experiment Station) ; GL-82-7.
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